b Background: Emotional expression among people with dementia (PWD) may inform person-centered approaches to care and improvements in dementia-related quality of life. b Objectives: The aim of this study was to examine frequency 218 Note. M = mean; SD = standard deviation; PEE = positive emotional expression; NEE = negative emotional expression.
and variability of positive and negative emotional expressions, personal factors influencing positive and negative emotional expressions, and trajectories of emotional expression among PWD during daytime hours. b Methods: We conducted a secondary analysis of daytime positive and negative emotional expressions of 30 PWD living in residential long-term care who completed twelve 20-minute observation periods occurring hourly as part of a multi-site study of wandering behavior. Hierarchical linear modeling was used to examine relationships between influencing factors and frequency of emotional expressions; group-based trajectory analysis was applied to identify clusters of individuals with similar daytime patterns of emotional expression. b Results: Time of day (rate ratio [RR] = 1.05) and impaired mobility (RR = 1.37) significantly influenced positive emotional expression; gender (RR = 1.85), age (RR = 1.03), and education (RR = 0.54) were significantly related to negative emotional expression. Three distinct trajectory groups were identified for positive emotional expression: a low stable group, a fluctuating group displaying afternoon peaking, and a fluctuating group displaying morning peaking. Two trajectory groups were identified for negative emotional expression: a consistent pattern and an inconsistent pattern. b Discussion: PWD showed a broad range of emotional expression and significant within-person variation in daytime positive and negative emotional expressions. Observed emotional display is a promising measure of psychological well-being among PWD that, if more fully understood, could guide care approaches to improve quality of life. Finnema et al., 2005) . Even when measurement of emotion poses challenges, such as among the rapidly growing population of people with dementia (PWD), attention to psychological well-being is important (Jonker, Gerritsen, Bosboom, & Van Der Steen, 2004) . Emotion-oriented care, defined as care adjusted to the feelings and emotional needs of PWD (Finnema et al., 2000) , has been shown to improve outcomes such as behavioral disturbance and QoL (Finnema et al., 2000 (Finnema et al., , 2005 . With the number of PWD projected to grow to nine million people in North America by 2050 (Plassman et al., 2011) , the need to understand the emotional responses of PWD to illness and care is urgent.
In an integrative review of theoretical and measurement issues in studying QoL in dementia, Jonker et al. (2004) argued that psychological well-being indicated by an individual's emotional responses should serve as the core dimension of QoL among PWD. A conceptual model of QoL was proposed, in which psychological well-being is influenced not only by objective personal and environmental circumstances but also by the PWD's subjective evaluation of those circumstances indicated by their emotional responses (positive and negative affect). Better understanding of the relationships among factors influencing emotional responses and, thus, psychological well-being among PWD across the spectrum of disease severity is needed to advance the scientific basis for improving care that optimizes QoL.
PWD experience disease-related language, comprehension, and memory deficits that preclude self-report of emotions. Nevertheless, PWD retain the ability to express emotions via the face, voice tone, and body posture (Lawton, Van Haitsma, & Klapper, 1996; Vogelpohl & Beck, 1997) .
The issue of whether PWD lose the ability to form emotions has been debated (Lawton, 1994) ; however, a growing body of empirical work shows that PWD preserve the ability to reliably express emotion even in the later stages of disease (Kolanowski, Hoffman, & Hofer, 2007; Lawton et al., 1996; Magai, Cohen, Gomberg, Malatesta, & Culver, 1996; Vogelpohl & Beck, 1997) . Moreover, studies have shown that PWD respond to treatment for emotional disorders such as anxiety and depression (Ferretti, McCurry, Logsdon, Gibbons, & Teri, 2001; Lopez et al., 2003) .
Historically, research on emotion in PWD has been focused on mood disorders such anxiety and depression. Although it is important to identify and treat mood disorders because they are a modifiable determinant of emotional distress, psychological well-being is more than the absence of a psychiatric disorder (Keyes, 2007) . Daily emotional expression, an indicator of positive and negative effect, may be a more salient indicator of psychological well-being among PWD than absence or presence of psychiatric symptoms. In contrast to mood disorders, which last days, weeks, or months, emotional expressions last seconds and change more rapidly (Kolanowski, Litaker, & Catalano, 2002) . The degeneration of frontal lobe function and memory deficits associated with progressive dementia result in behavior that becomes more stimulus bound (Mesulam, 2008) , and thus, the lives of PWD are become increasingly carried out in the ''here and now'' (Kolanowski et al., 2002; Mesulam, 2008) . Observed emotional expression is therefore a particularly promising approach to measure the psychological well-being of PWD in moderate to advanced stages of illness because it focuses on immediate responses to daily events.
Emotional expression in adults is characterized by positive and negative dimensions that represent distinct components of emotion rather than opposite poles on a continuum (Brod, Stewart, Sands, & Walton, 1999; Lawton, 1994; Meeks, Van Haitsma, Kostiwa, & Murrell, 2012 ) . Among normal adults, positive emotional expression (PEE) fluctuates systematically throughout the day, with maximum positive affect occurring at midday in young adults (Clark & Watson, 1988; Clark, Watson, & Leeka, 1989; Egloff, Tausch, Kohlmann, & Krohne, 1995; Thayer, Takahashi, & Pauli, 1988) . In contrast, negative affect has shown no systematic diurnal variation (Clark et al., 1989; Thayer, 1987; Thayer et al., 1988) .
Empirical studies of older adults have suggested a decline in the intensity of emotional expression with increasing age (Gross et al., 1997; Isaacowitz, Charles, & Carstensen, 2000) . Despite this age-associated blunting of emotional expression, psychological well-being remains stable with aging and is generally positive (Carstensen et al., 2011; Lö ckenhoff & Carstensen, 2007; May, Rahhal, Berry, & Leighton, 2005; Scheibe & Carstensen, 2010) .
Although most research on emotion has focused on normal adults rather than PWD, studies suggest that the capacity for experiencing and expressing emotions is preserved in PWD, even with advanced disease. Consistent with the literature on age-related effects, several studies of PWD confirm that cognitively impaired people show impoverished emotional expression (Asplund, Norberg, Adolfsson, & Waxman, 1991; Daffner, Scinto, Weintraub, Guinessey, & Mesulam, 1992) . However, PWD preserve the ability to express emotions facially (Kolanowski et al., 2007; Magai et al., 1996) , and at least three studies confirm that patients with mid-to latestage dementia retain the ability to express a wide range of basic emotions (Kolanowski et al., 2007 (Kolanowski et al., , 2002 Magai et al., 1996) . This body of literature, viewed from the perspective of Jonker et al.'s (2004) model of QoL in PWD, highlights the potential for using emotional expression as an indicator of psychological well-being among PWD. Further studies are needed to better understand how emotional expression varies within individuals and what factors are associated with individual differences in the intraindividual change in emotional expression of PWD. The purpose of this study was therefore to explore daytime patterns of emotional expression in PWD with mild to severe dementia living in residential long-term care. Three specific questions were addressed:
1. What is the frequency and variability of PEE and negative emotional expression (NEE) of PWD during daytime hours? 2. Does observable emotional expression in PWD vary by personal characteristics, severity of cognitive impairment, and time of day? 3. What are the trajectories of PEE and NEE among PWD during daytime hours?
Methods
Data Sources and Procedure A secondary analysis was conducted of repeated measures data obtained from a subset of participants enrolled in a multisite descriptive study of factors influencing wandering behavior in PWD who lived in residential long-term care. Institutional review board approval was obtained at each participating institution. Written consent was obtained from legal proxies, and assent was also obtained from participants before every observation.
In the parent study, participants (n = 185) were PWD recruited from 17 nursing homes and six assisted living facilities in Michigan and Pennsylvania selected by a random cluster sampling approach. Inclusion criteria for the parent study were age of 65 years or older, English speaking, Mini Mental Status Examination (MMSE; Folstein, Folstein, & McHugh, 1975) score of G24/30, DSM-IV criteria for dementia met, and ambulatory. Participants who met inclusion criteria were randomly assigned to twelve 20-minute observation periods once per hour on two nonconsecutive days. All observation periods were videotaped and occurred between 8:00 A.M. and 8:00 P.M. A full description of the procedures used in the parent study has been published elsewhere (Algase, Antonakos, Beattie, & Beel-Bates, 2009) .
A subset of measures collected in the parent study was extracted for those participants who had completed all 12 scheduled emotional expression observations; these measures included emotional expression ratings, time of day, and personal factors hypothesized to be related to emotional expression. These encounters ensured a sufficient number of observations to capture each participant's emotional variation. Thus, 30 PWD with 360 observations were included in these analyses.
Measures
Emotional expression of PWD was measured by the Observable Displays of Affect Scale (ODAS; Vogelpohl & Beck, 1997) . The ODAS was specifically developed for coding videotaped emotional expressions; it consists of 34 behaviors including six subscales (e.g., facial displays, vocalizations, and body movement/posture categorized by positive and negative quality; Vogelpohl & Beck, 1997) . Trained research assistants coded the presence or absence of each behavior from a 20-minute videotape using the Noldus Observer 5.0 software. Interrater reliability and testYretest reliability for the ODAS range from .68 to 1.00 (Vogelpohl & Beck, 1997) . In the parent study, an interrater and intrarater agreement among coders was established at greater than 95% using training videotapes before coding for the ODAS measures began. Reliability was assessed throughout the study by sampling 10% of the videotapes and retraining coders if needed. Reliability of the ODAS in this study was measured by Cronbach's alpha and ranged from .70 to .80.
The MMSE (Folstein et al., 1975) was used to assess cognitive impairment. Participants who were too impaired to complete testing were assigned a score of j1. Personal characteristics included age, gender, ethnicity, education, and mobility. Ethnicity was dichotomized as Caucasian or other. Mobility was dichotomized as independently ambulatory or ambulatory with assistance. Education was categorized as 1 = junior high school or less, 2 = high school, and 3 = college or higher. Time of day was the military time at which an observation was made. Chart review data were used to derive measures of nondementia-related personal characteristics.
Statistical Analysis
Descriptive statistics were examined to address the first research question. Two-level hierarchical linear modeling (HLM) was employed to address the second question. Repeated observations of emotional expression (level 1) data are nested within each person (level 2). For such data, HLM is one of the best options because it estimates the errors for each participant separately (Bryk, Raudenbush, & Congdon, 1996) . Because emotional displays were expressed as frequency (count) data, assumptions of traditional linear regressions were violated. Poisson regression with overdispersion was chosen as an analytical approach because it is consistent with the counts used to index PEE and NEE during each observation. The level-1 model examined within-person variability of emotional expressions throughout the day. The level-2 model examined interindividual differences in emotional expression based on cognition and other personal characteristics. The HLM 6.0 software package (Scientific Software International, Inc.) was utilized to estimate these statistical models.
For the third research question, a semiparametric, groupbased trajectory analysis (GBTA; Nagin, 2005) was used to identify clusters of individuals following similar patterns of emotional expression displays over time. Parameters of the GBTA model were estimated in SAS PROC TRAJ (SAS V9); the GBTA is more restrictive than the general growth mixed model of which it may be considered a submodel (Li, Duncan, Duncan, & Acock, 2001) . The SAS PROC TRAJ analysis was used to group people with similar PEE and NEE trajectories, respectively. PROC TRAJ was specially designed for use to identify cases with similar trajectories or patterns of change over time; more specifically, the number of distinct patterns of change (groups of cases) can be identified (Jones, Nagin, & Roeder, 2001) . A series of models from two to six groups was systematically examined and compared; each group contained linear, quadratic, and cubic change coefficients. Model fit in GBTA is judged using a function of the Bayesian information criterion (BIC) that simultaneously considers model complexity and overall fit and penalizes highly parameterized models to balance with the interests of parsimony (Nagin, 2005) . Values for the function of BIC computed in SAS PROC TRAJ are negative, and the optimal model is indicated by the value closest to 0 (i.e., the maximum value).
Results
Most participants lived in a nursing home (67%) and were women (73%) and Caucasian (80%), with a mean age of 83.97 years (SD = 5.77 years). Most participants ambulated independently (70%). Mean MMSE score was 6.93 (range = j1 to 21). Over 85% of participants had moderate to severe cognitive impairment (MMSE e 16).
Description of Emotional Expression
As shown in Table 1 , PWD showed an average of 13.51 (SD = 12.49) episodes of PEE per observation; only 1.57 (SD = 2.26) episodes of NEE were noted per observation. Positive facial emotional displays such as smile and relaxed facial expression were the most frequently observed PEE indicators (M = 5.89, SD = 5.88). Negative body/posture emotional displays such as repetitive body movements and closed posture were the most frequently observed NEE (M = 1.00, SD = 1.71). Table 2 contains the two-level Poisson HLM results for PEE and NEE. After examining bivariate relationships between predictor variables and emotional expression (p G .05), time of day, gender, and mobility were selected as factors that may influence PEE; gender, age, and education were selected as predictors of NEE. With each passing hour of the day, PWD typically showed a 0.05-unit increase in PEE (confidence interval (CI) = [1.02, 1.08]), whereas other variables were held constant. Participants who needed assistance with ambulation showed a 0.37-unit hourly increase in PEE (CI = [1.00, 1.89]) compared with those who were independent. q Women expressed more NEE than men. Specifically, compared with men, women showed an increase in NEE of 0.85 (CI = [1.15, 2.99]). As age increased in one unit from the sample mean age (83.97 years), the observed frequency of NEE increased by 0.03 (CI = [1.01, 1.06]). Participants with college education or higher showed 0.46 (CI = [0.32, 0.91]) less NEE than participants who had a junior high school education or lower.
Poisson Model

Group-Based Trajectory Models
Because PEE and NEE represent different dimensions of emotion, we estimated separate models for each dimension. The parameter estimates for these models are displayed in Table 3 . Using BIC, three groups with distinctive trajectories were identified for PEE, and two groups with distinctive trajectories were identified for NEE. The BIC values are listed in Table 4 . For PEE, Group 1 was defined by a linear parameter q showing a trend toward increased positive emotion over the course of the day that approached significance (p = .068). Groups 2 and 3 were defined by the cubic parameter suggesting a more complex pattern of daily emotional expression. For NEE, Group 1 was defined by a consistency in emotional expression group and Group 2 was defined by an inconsistent group. Group 1 showed no diurnal variation in NEE (p = .199). The proportion of participants in each PEE group and the group trajectories are depicted in Figure 1 . Solid lines represent observed data, whereas broken lines represent predicted curves. PEE Group 1 with low stable daytime PEE is composed of about 51% of the participants (n = 15). The trajectory for this group was basically flat, and residents in this group consistently expressed little PEE. Group 2, with fluctuating PEE and an afternoon peak, is composed of about 27% of the participants (n = 9). Specifically, low peak time was around 10:00 A.M.; high peak time was around 6:00 P.M. Group 3 was made up of participants who had high PEE in the morning and low PEE in the afternoon and accounted for 22% of the residents (n = 6). This group also had higher average PEE than the other two groups. Group 3 was labeled as having fluctuating PEE with a morning peak. Figure 2 shows both predicted and observed NEE in Groups 1 and 2. Group 1 displayed low stable levels of NEE and accounted for 93% of the residents (n = 28). Group 2 displayed higher, fluctuating NEE than Group 1 and constituted only 7% of the residents (n = 2). Specifically, residents in Group 2 showed high NEE in the morning, low NEE in the afternoon, and high NEE again in the early evening.
Discussion
The results of the study provide evidence that PWD display a broad range of emotional expression. Specifically, on average, for each 20-minute observation, PWD showed 13.51 (SD = 12.49) episodes of PEE and 1.57 (SD = 2.26) episodes of NEE, although over 85% of participants had moderate to severe cognitive impairment. This result supports previous studies, which suggest that PWD express positive and negative emotions even in advanced stages of the disease (Kolanowski et al., 2007; Magai et al., 1996; Yao & Algase, 2008) .
We currently lack normative data on rates of observed emotional expression among healthy older adults, and because there was no control group available in this study, it is uncertain whether PWD had lower rates of emotional expression than people without dementia. In addition, PWD expressed more positive emotion than negative emotion, contrary to the popularly held belief that PWD in residential long-term care were usually anxious, angry, or depressed. This result is consistent with a case study by Kolanowski et al. (2002) , who also reported displays of participant's happiness and found that the mean score of PEE was 13 times than that of the NEE mean score.
The Note. The maximum value of the function of BIC estimated in PROC TRAJ is used to select the optimal model. PEE = positive emotional expression; NEE = negative emotional expression.
impaired mobility were significant predictors of PEE; gender, age, and education were related to NEE. In bivariate analyses, women showed more of both PEE and NEE than did men (result not shown). Several studies reported that women are more likely to be emotional than men, although their samples were limited to healthy adults (Bagozzi, Wong, & Yi, 1999; Feldman, 1995) . Notably, Bagozzi et al. reported that these gender differences persist regardless of cultural differences. Consistent with other studies, education was negatively correlated with negative affect and is more pronounced later in life (Meeks & Murrell, 2001; Rhodewalt & Zone, 1989 ). Meeks and Murrell reported negative affect as a mediator between educational levels and life satisfaction. In other words, higher education levels were associated with lower levels of negative affect, explaining how education influenced life satisfaction. Our finding was consistent with their work, although the measurement approaches differed. Another important finding was that severity of cognitive impairment was unrelated to variation in both PEE and NEE. A possible explanation of how PWD manage to preserve emotional expression regardless of cognitive function lies in how the brain changes in dementia. The basal ganglia and amygdala, among the key brain areas with respect to emotional functions, are relatively unaffected by the neural degeneration associated with Alzheimer's disease (Eldridge, Masterman, & Knowlton, 2002) . As dementia progresses, the influence of cognition on emotion may also weaken (Eldridge et al., 2002) . This explanation might support the lack of relationship between severity of cognitive impairment and both PEE and NEE.
This study also showed that there were significant daily emotional variations among PWD: three types of PEE and two types of NEE trajectories were found. Our findings suggest that PWD not only preserve the ability to display emotion but also exhibit a variety of emotional expression patterns, consistent with studies of emotion in adults who do not have dementia. Although no prior study was found that examined daytime variation in emotions among PWD, it should be noted that Kolanowski et al. (2007) examined variations of positive and negative emotion in PWD across a 12-day period. They also showed significant within-person variation in positive and negative emotion (approximately 40%Y60%) across days.
Study findings also suggested that environmental influences may play a role in emotional expression, in a manner consistent with research findings in younger adults. Studies of emotional variability among college students showed diurnal PEE variations similar to those found in this study; the authors suggested that a potential reason might be the similar homogeneity of schedules and ages of samples (Clark et al., 1989; Thayer, 1987; Thayer et al., 1988) . In this study, the PWD who belonged to the low stable emotional expression group may not have been scheduled to participate in any activities, leading to limited emotional expression, either positive or negative. On the other hand, PWD who had been scheduled to interact with other residents or staff, such as those with impaired mobility, might display patterns of emotional expression, which were subject to fluctuation. The extent to which these environmental influences on patterns of emotional expression are themselves influenced by individual factors such as personality and life-time personal habits will require prospective study with larger samples. Such studies would greatly enhance our ability to deliver truly personcentered care by helping to isolate the most salient factors for caregivers to accommodate in residential care settings.
The link between emotional expression and social engagement provides another example of environmental influences on emotional expression suggested by Jonker et al.'s (2004) model of QoL in PWD and other research. Magai et al. (1996) speculated that PWD showed lower frequencies of PEE and NEE because of lack of social stimulation. More recent studies have shown that engagement in activities was associated with better psychological well-being, defined as the balance between PEE and NEE (Chung, 2004) . Further studies would allow a more refined examination of how personal factors may influence responses to increased social interaction. Clinical observations made from a person-centered care perspective also suggest that the nature of the relationships between social interaction and psychological well-being are complex; simply increasing social interaction without consideration of the personal factors that influence subjective appraisal and emotional response may have the unintended effect of reducing psychological well-being. We currently lack information on which personal factors to take into consideration when varying social interactions.
This study has two key limitations. First, its small sample size (n = 30) and location (only two states) limit generalizability. However, according to the 2004 National Nursing Home Survey, of the 1.5 million nursing home residents, 71.1% were women, 85.5% were Caucasian, and 45.2% were aged 85 years and older (Jones, Dwyer, Bercovitz, & Strahan, 2009) , which is similar to the characteristics of study participants. Second, this study is a secondary analysis and included only PWD who were ambulatory and assented to observations. Prospective longitudinal studies with broader inclusion criteria are required to justify any causal inference linking contributing factors with emotional expression. Although 30 PWD are not sufficient to draw definitive conclusions from GBTA, these exploratory analyses provide direction for future research.
Future studies should consider clinical applications of the current findings and further examination of the factors that influence psychological well-being in PWD in residential care. Translational of research measures such as the ODAS into tools that staff can readily use to assess emotional responses of PWD to care would fill an important gap. Future studies should continue to examine the relationship between personal and environmental factors and QoL in PWD. Although this study showed relationships between personal factors and psychological well-being in PWD, other factors such as techniques for delivering personal care or timing and content of social or recreational events and family visits merit further study.
Personal factors related to dementia such as severity of disability, activity of daily living status, and other variables unrelated to dementia that may influence emotional responses such as personality traits or other personal preferences should also be explored in future studies. Studies of the relationships between emotional expression, daily events, and ADL cooccurring at each observation will provide more specific data that may aid in the design of intervention programs to improve psychological well-being of PWD.
Conclusion
Emotions of PWD are often regarded as blunted or diminished, and their emotions are ignored or discounted. In this study, PWD showed not only a broad range of emotional displays but also significant within-person variation in PEE and NEE during daytime. These findings suggest that strategies such as encouraging nursing home residents to participate in social activities and to interact with other residents and staff in a manner tailored to their personal profiles and emotional responses may improve the psychological wellbeing of PWD. In addition, development of clinically useful tools to assess emotional response is needed to implement and evaluate person-centered care approaches to improve QoL. q 
